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© High efficiency disk format and synchronization system. 


© A disk drive system provides ail required syn¬ 
chronization, positioning, validation, and data func¬ 
tions within each disk sector. All of these functions 
are provided within two zones, a header section and 
a data section. The header section includes a pre¬ 
amble, a synchronization character and an address 
field, as well as servo information for track following. 
The data section of each sector includes a data 
preamble, a data synchronization character, a bad 
sector bit map, the data and data redundancy in¬ 
formation. The header section of at least one sector 
in a track includes a short DC*erase field, a tran¬ 
sitionless segment which is used in synchronization. 
To synchronize a read/write head to the disk, the 
system first detects the DC-erase field. The system 
next searches for the header preamble and synchro¬ 
nization character. If it finds them within predeter¬ 
mined times, it then looks for a valid sector address 
to complete the synchronization. If the system does 
not detect the preamble and synchronization char¬ 
acter within the predetermined times, it looks for 
another DC-erase field and continues the synchro¬ 
nization process. After the preamble and synchro¬ 


nization character are found, the desired sector is 
located by reading the addresses of the succeeding 
sectors. 


POOCESSrte 


Crx t R<Hi f ** 


<Va mSL I 


o*r* 

OUT 


UP (A 


RIG. \ 


f ( 0*1* ■>«<'<J>*i 

[ *QC 

17 


Xerox Copy Centre 


SDOCtD: <EP_0341852A2 I > 




4 


I 


1 EP 0 341 852 A2 2 

t 

HIGH EFFICIENCY DISK FORMAT AND SYNCHRONIZATION SYSTEM 


FIELD OF INVENTION 

The invention relates generally to magnetic 
disk sector formatting and data synchronization. 

BACKGROUND OF THE INVENTION 

Digital data processing systems typically in¬ 
clude data storage devices, for example, multi-disk 
disk drives. Data is recorded on the disks in con¬ 
centric tracks. The tracks are divided into sectors, 
and each sector is further divided into a header 
section and a data section. Data is recorded in 
(written) cr retrieved from (read) the data portions 
of the sectors while address information, that is, 
disk surface number, track number and sector 
number, is stored in the header sections. 

Data is read from or written to the disks using 
read/write heads. Each head is associated with a 
particular disk surface or portion of a disk surface. 
As the disks rotate under the heads, data is, for 
example, read from a particular sector when the 
associated head is over the data portion of that 
sector. 

To begin a read or write operation the appro¬ 
priate head is moved to the track containing the 
desired sector. Unless the head was used in the 
preceding read or write operation, or it has been 
kept in synchronization by appropriate timers, for 
example during idle times, the head must then be 
synchronized to the disk so that the sector ad¬ 
dresses rotating under it can be read. Once the 
head is synchronized, it locates the selected sector 
by reading the sector addresses and then it per¬ 
forms the read or write operation. Head switching, 
which may involve switching between heads on a 
common actuator arm or switching between heads 
on different arms, occurs quite often during the 
normal operation of the disk drive and thus syn¬ 
chronization is performed often also. The speed 
with which the heads are accurately synchronized 
to the disks affects the speed with which data can 
be transferred to or from the drive. 

Using prior technology, timing information for 
synchronizing is recorded either on an extra servo 
‘ surface or as an additional information zone be¬ 
tween sectors, ‘ referred to as an embedded-servo 
zone. If the disk drive is one which uses fixed block 
architecture and data surface only embedded-servo 
information, certain information must b8 contained 
within the space of each sector and related servo 
zone to enable the system to operate in real time, 
that is, to perform certain functions within the time 
it takes for the sector to rotate under the head. For 


example, sector timing must be established, and 
bit, data symbol and data word synchronization 
must be determined using the recorded servo and 
synchronization information. Also, if alternate sec- 
s tors can be used to replace corrupted, or bad, 
sectors flags indicating which sectors are good and 
which are bad must be read and interpreted. Addi¬ 
tionally, each sector contains data that must be 
read ind validated, and if necessary corrected, 
ro using recorded data redundancy symbols. It is de¬ 
sirable to perform all of these functions with mini¬ 
mum disk overhead, that is, with minimum con¬ 
sumption of extra recording space, leaving the disk 
space free for data. 

75 Prior technology embedded-servo disk drives 

typically use three-zone formats. The three zones 
are a servo zone, containing servo position in¬ 
formation which is permanently written at the fac¬ 
tory when the disks are formatted, and two sector 
20 zones, a header zone containing address and bad 
sector information which can be re-written during 
reformatting to indicate which sectors have deg¬ 
raded from good to bad. and a data zone contain¬ 
ing data and data redundancy symbols which can 
25 be easily written and re-written by the user. 

Using three zones requires the disk drive to 
synchronize three times, once per zone, in order to 
perform a read or write operation in a sector. Thus 
each zone must contain synchronization and timing 
30 information. This causes increased overhead, re¬ 
sulting in a loss of recording efficiency. Thus it is * 
desirable to reduce the number of zones while 
retaining all the functionality of the three-zone ar¬ 
chitecture. Also, as users demand disk drives with 
as more and more data storage capacity, it is more 
and more desirable to use less disk space for 
synchronization. 

Prior technology also requires significant dedi¬ 
cated timing hardware, for example, timing logic or 
40 analog electronics is required to interpret the re¬ 
corded timing information and synchronize the 
heads. The servo-zone typically contains a long 
synchronization burst written in a frequency which 
is unlikely to occur in the data, servo information 
45 for track following, and several information bits for 
track identification. Thus the embedded servo sys¬ 
tem must use analog filters to locate the synchro¬ 
nization burst and special timing and control logic 
to find the servo information, as well as to synchro- 
so nize the head to the servo zone. This additional 
hardware increases the cost of the system. Thus it 
is desirable to perform synchronization using much 
of the same hardware as the normal read and write 
operations, and in particular using mostly digital 
logic. It is also desirable to perform synchronization 


2 


>iSDOCII>. <£P 0341BS2A2 I > 


4 


3- EP 0 341 852 A2 

I 


quickly, even if the heads are not in a known 
position with respect to the servo information that 
would be used to align the data head on the track. 

SUMMARY OF THE INVENTION 

The invention is a disk drive system which 
provides all the required functions within each sec¬ 
tor including: track error positioning information, 
sector bit, data symbol and data word synchroniza¬ 
tion, cylinder, track and sector addresses and ad¬ 
dress validation, good/bad sector flags, and data 
and data redundancy. Ail of these functions are 
provided within two zones to provide high data 
efficiency, that is, low overhead per sector. The 
inventive system synchronizes a controller state 
machine to the real time relation between the head 
and the disk by using hardware which. is_also used 
in read/write operations, thus reducing the required 
hardware. 

Basically each sector is formatted with a head¬ 
er and a data section. The header section includes 
a preamble, a synchronization character and an 
address field, as well as servo information for track 
following. The data section of each sector includes 
a data preamble, a data synchronization character, 
a bad sector bit map, and the data and data 
redundancy information. The header section of at 
least one sector in a track includes a short DC- 
erase field, that is, a transitionless segment 

The inventive system first looks for a DC-erase 
field, using system hardware that normally is used 
in the read/write operations. Once it detects a DC- 
erase field it looks for the header preamble and 
synchronization character. If each of these are de¬ 
tected within predetermined times, a timer is set 
which allows the system to time to the address 
field and then to the servo information contained in 
the header. If the address field contains a valid 
sector address, the system assumes it is synchro¬ 
nized and the servo information is then used to 
center the head on the track. Thereafter, the de¬ 
sired sector is located by reading the addresses of 
the succeeding sectors. If any of the header sub¬ 
sections following the DC-erase field are not de¬ 
tected correctly within the predetermined times, the 
system looks for another DC-erase field and then 
continues the synchronization process. In this way 
the system is able to find the beginning of a sector 
and to synchronize using only the short DC-erase 
field and other header information. 

The bad sector bit map is used to identify all 
bad sectors within a track or a section of a track. 
The bit map is redundant and located within each 
data zone within the track or section of the track to 
which it pertains. Thus the loss of one or more 
sectors is not likely to cause loss of knowledge 


about which sectors are bad. 


, DESCRIPTION OF THE DRAWINGS 
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Th8 invention will be pointed out with particu¬ 
larity in the appended claims. The above and other 
advantages of the invention may be better under¬ 
stood by referring to the following description taken 
w in conjunction with the accompanying drawings, in 
which: 

Figure 1 is a functional block diagram of a 
system built in accordance with the invention; 

Figure 2 illustrates the format of a disk re- 
75 corded for use with the invention: 

Figure 3A is a flow chart of the operations of 
a system built in accordance with the invention, 
including the steps of looking for a DC-erase field, 
looking for a preamble, looking for a synchroniza- 
20 tion character and setting the data channel gain; 

Figure 3B is a more detailed flow chart of 
the steps used in looking for the DC-erase field; 

Figure 3C is another detailed flow chart, 
showing the steps used in looking for the pre- 
25 . amble; 

Figure 3D is a further flow chart, illustrating 
the steps used in looking for the synchronization 
. character 

Rgure 3E is a flow chart of the steps used 
30 for setting the gain of the data channel;. 

Rgure 4 is a functional block diagram of a 
controller shown in Rgure 1; and 

Rgure 5 is a functional block diagram of a 
data separator shown in Rgure 1. 

35 


DETAILED DESCRIPTION 

40 With reference to Rgure 1, a system 8 is 

shown which may be used for synchronization and 
reading or writing data to or from magnetic disks 
(not shown). Data is, for example, read from a disk 
by read/write heads (not shown) and sent over line 
45 12 to‘ a read channel consisting of an automatic 

gain control (AGC) 20, a data separator 14 which 
"converts" peaks in the signal read from the disk 
to data, and a phase-locked loop (PLL) 16. During 
a read operation, the AGC 20 sets the gain of the 
so data channel such that the system 8 can distin¬ 
guish data signals from noise. The data signals 
typically consist of relative positive and negative 
peaks within 'a predetermined, amplitude range 
while noise signals typically consist of peaks below 
55 that range. Thus the gain of the AGC 20 is set 
either by feed-back from the signal or a setting 
from an external source, such as controller 22, to a 
value which will amplify the data signal enough to 
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’'read” it but which will not amplify the noise signal 
to bring its peaks, which fail below the data signal 
range, within that range, if the. AGC 20 gain is too 
large, noise peaks may be misinterpreted as data. 

The PLL 16 sets the timing of signal sampling, s 
that is. the times at which the analog signal from 
the read/write heads is sampled by the data sepa¬ 
rator 14. These samples are then turned into digital 
symbols representing the data written to the disk. 

The digital symbols are thereafter demodulated to w 
binary data bits in a demodulator (not shown). The 
drive also contains a write channel (not shown) for 
writing data to the disk. 

When data is to be read or written to a disk the 
system 8, using a controller 22 and a microproces- 75 
sor 24, selects the head (i.e., the disk surface) 
associated with the sector involved in the operation 
and moves the head to the track containing the 
sector. If the selected head is not the head used in 
the preceding read or write operation on this disk 20 
surface, that is, if a head switch occurs, the timer 
and the clocks associated with the controller state 
machine operation must be re-synchronized to the 
recorded data on the disk. This is often referred to 
as synchronizing the head. 25 

The head is synchronized by first finding the 
beginning of a sector and using the sector header 
information to set both the gain of the AGC 20 and 
the phase of the PLL 16 to values appropriate for 
the system 8 to read and interpret the header 30 
information. The sector to be read or written is then 
located by reading the addresses recorded in con¬ 
secutive sectors on the track. Once the appropriate 
sector is found, the read or write operation is 
performed in the data section of that sector. 35 

With reference to Figure 2, a disk 28 is re¬ 
corded with a radial contiguous format, that is, with 
portions of the header section of each sector re¬ 
corded such that the start of each bit in these 
portions is radially contiguous with the correspond- 40 
ing bits in the adjacent tracks. For example, the 
bits in the preamble of header section 29B in track 
29A are radially contiguous with the corresponding 
bits in the preamble of header section 29D in track 
29C. In the preferred embodiment the sector ad- 45 
dresses are Gray coded and thus there is only a 
one-bit difference between the addresses of contig¬ 
uous sectors on adjacent tracks. 

At least one sector, and preferably several or 
all sectors on a track, are formatted with a header so 
section that includes a DC-erase field 30 at the 
beginning of the sector, followed by a preamble 32, 
a synchronization character 34, an address field 36 
and a servo field 38. The DC-erase field 30 is a 
field without any magnetic transitions, that is, a 55 
signal recorded on the disk without magnetic flux 
reversals. It has a length in the preferred embodi¬ 
ment corresponding to the length of between three 
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and eight bytes of recorded data. 

The preamble 32 is a pattern of ONES and 
ZEROS containing a predetermined number of 
ONES, preferably the maximum number of ONES, 
that is, flux reversals, for a given number of re¬ 
corded bits. The data recorded on the disk are 
typically encoded to aid in the demodulation of the 
signal when it is later read from the disk. Thus the 
code may prohibit ONES in consecutive bit loca¬ 
tions. In the preferred embodiment the preamble 
32 is the pattern 1010...101. The preamble 32 is 
used to set the gain of AGC 20 and to lock the 
phase of the PLL 16 to the bit frequency and phase 
of the header. 

The synchronization character 34 is a pattern 
of ONES and ZEROS which allows the controller 
22 to determine the boundary of the decode group, 
that is, the number of bit ceils on the disk used for 
recording a given number of binary data bits, and 
for locating the start of the byte boundaries. For 
example, some codes encode two daia-bits into 
three bits for recording, again to aid in the de¬ 
modulation of the read-back signal, and thus the 
start of each three-bit decode group must be deter¬ 
mined. The synchronization character 34 also al¬ 
lows the controller 22 to determine the boundaries 
of bytes of information recorded in the sector. At 
the end of the synchronization character a timer 
22A (Figure 4) is started which is used to time to 
the remaining header fields and to the next sector 
header. 

The synchronization character used in the pre¬ 
ferred embodiment is, s = 1010100010001010001 
0100101001001. The system, using a clock" from 
the"PLL~6 which is one-half the bit frequency, as 
described in co-pending application entitled A 
Method of Handling Data From a Storage Device, 
fiied May 12, 1988 and identified by Nutter, 
McClennen & Fish file number 15311-0281 which 
has a common assignee and is incorfporated here¬ 
in by reference, examines only every other bit. 
Thus the portion of the synchronization character 
which is actually used to synchronize is s = 
1110101101100010, the under-lined portions of s. 
The bits which are interspersed with s substan¬ 
tially eliminate Jnter-bit interference caused by, for 
example, the magnetic flux reversals representing 
two ONES interacting with each other. Such inter¬ 
ference may cause peak shifts, resulting in the PLL 
16 taking longer to Jock to the correct bit-tracking 
phase or increased error in data seperating this 
pattern. • 

Alternatively, the preamble 32 can be used to 
determine the decode group. If, for example, the 
preamble is a pattern 100100...1 it can be used to 
determine the boundary of the three-bit decode 
group. The synchronization character 34 would 
then be used to determine the byte boundaries. 
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Following- the synchronization character 34 are 
the address^field 36 and the servo field 38. The 
address field-36 contains at least one copy of the 
sector address, in. the preferred embodiment it 
contains four copies.. The servo field 38 contains 
informationrwhich is used by the system 8 to 
center the.head on the trade. 

The data section contains a data preamble 40 
and a data; synchronization character 42 which are 
identical with the preamble 32 and synchronization 
character - 34 in* the header. Following the data 
synchronization character is a bad sector bit-map 
which contains information about the good and bad 
sectors in the track, or a portions of the track. The 
bit-map is redundant in that it is recorded in mul¬ 
tiple sectors in the track. The bit-maps can be re¬ 
written and thus up-dated, that is, as sectors de¬ 
grade from good to bad the maps can be revised 
to reflect the degradation. Recording the map in 
multiple sectors serves to protect the map from 
loss due to the degradation of any one sector or 
group of sectors. The bit-map is followed by the 
data and data redundancy symbols. 

The radial contiguous formatting of the disk 28 
allows the preamble 32 and the synchronization 
character 34 to be located, regardless of where the 
associated head is placed with respect to the 
tracks. Without radial contiguous formatting, if, for 
example, the head straddles two tracks, the data 
signal in one track may be read as canceling the 
data signai in the other track, that is, a segment in 
which negative peaks in one track correspond to 
positive peaks in the other track may be read as a 
transitionless signai. Thus a DC-erase may be de¬ 
tected in the data section of the sector. If the 
acquire mode of the AGC 20 is then enabled, that 
is, during the detection of a false DC-erase. the 
acquired gain may cause the read channel to satu¬ 
rate and the system would not recover in time to 
"see" the real data. However, by recording the 
preambles 32, the synchronization characters 34 
and the address fields 36 in a radial contiguous 
format bit canceling due to an off-center head is 
eliminated, and thus, each of these fields can be 
located once a true DC-erase is detected. Gray 
coding the addresses, also, allows the address to 
be determined to within two tracks, even if the 
head is straddling two tracks. 

With reference to Figure 3A. the system 8 
operates in one of two modes during synchroniza¬ 
tion. If the system has not previously synchronized 
to the track* the appropriate gain of the read chan¬ 
nel for data retrieval from the track is not. known. 
Accordingly*: the system first determines the ap¬ 
proximate-gain (Figure 3E) before it begins the 
synchronization process at step 100. However, if 
the system has previously - synchronized to the 
selected track, the approximate gain for that track 


has already been determined and stored in an 
appropriate memory (not shown). The system 8 
retrieves that value and adjusts the gain of the 
’AGC 20 to this fixed value. It then begins synchro- 
5 nization (step 102). 

The synchronization process begins with a 
search for a DC-erase field 30 (step 104). The 
search operation is discussed in more detail with 
reference to Figure 3B below. 
io With further reference to Figure 3A, when a 

transitionless signal segment is detected, it is as¬ 
sumed that it is a DC-erase field (step 106). Thus 
the start of a sector is assumed found and a 
"search" for the preamble is started (step 108). It 
75 is likely that false DC-erase fields will be frequently 
found due to an off-center head’s "canceling" of 
data signals. However, if. the start of a sector has in 
fact been detected, the preamble will be detected 
within a predetermined time thereafter. The pre- 
20 amble wiil be detected regardless of whether or not 
the head is centered on the track due to the 
radially contiguous format of the disk. 

If the DC-erase detected is not the start of a 
sector, the preamble will not be detected within the 
25 predetermined time and the search for the DC- 
erase field is begun again (steps 114-115). The 
preamble search is described in more detail with 
* reference to Figure 3C below. DC-erase fields are 
continuously searched for during the preamble 
30 search. If another DC-erase field is detected at any 
time during the preamble search, the search is re¬ 
started (Step 166, Rgure 3C). 

Again referring to Rgure 3A, once the pre¬ 
amble is detected, a search for the synchronization 
as character is begun (step 116). The synchronization 
character will be found within a predetermined time 
if the previously detected DC-erase field and pre¬ 
amble denote the start of a sector. Sensing of the 
synchronization character allows the controller 22 
40 to set a sector timer 22A (Rgure 4). The timer 22A 
is then used to enable controller operations on 
specific sector segments, for example, the end of 
the address field and then the start of the servo 
field, and also to the header section of the next 
45 sector. If the synchronization character is not 
sensed within the specified time, an indication of 
false detection of the DC-erase field and the pre¬ 
amble, the DC-erase field search is again started 
(step 119A). The synchronization character search 
so is described in more detail with reference to Rgure 
3 D below. The DC-erase field searoh also contin¬ 
ues throughout the synchronization character 
search. If a DC-erase is found at any time, the 
synchronization process is re-started (step 174A, 
55 Rgure 3D). 

With further reference to Rgure 3A, when the 
synchronization character is sensed in the speci¬ 
fied time interval, the next bits read from the sector 

♦* 
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are interpreted as the sector address field (step 
120). The validity of the address retrieved from this 
field is then checked (step 122). In the preferred 
embodiment the address field contains a number of 
copies of the address, for example, four copies, 
and if some minimum number of copies match 
each other, for example two copies, the address is 
deemed valid. 

If the address is vaiid, the controller 22 (Rgure 
4) uses the sector timer 22A to time and enable the 
sampling of the servo field 38 and this sampling 
may then be used to move the head to the center 
of the track, it then uses the timer 22A to time to 
the next sector where it expects to find the sector 
header and enables the acquire modes of both the 
PLL 16 and AGC 20 in the preamble to synchro¬ 
nize to this next sector. It then reads the sector 
address field (steps 124-128) and determines the 
validity of this address by comparing a minimum 
number of copies to the expected sector address 
(step 130). Thus if, for example, the first sector 
found is sector 10 the next sector should be sector 
11. If the sector address matches the expected 
address the head is assumed to be synchronized. 
If the address is an invalid address or it does not 
match the expected address, the system times to 
the next sector and reads that address to deter¬ 
mine which sector is then rotating under the head. 
If the location of the head cannot be determined in 
a reasonable number of sectors the system re¬ 
starts the DC-erase field search (steps 130-133). 

The DC-erase field, preamble and synchroniza¬ 
tion character searches are all performed by the 
controller 22 (Figure 4). The controller 22 receives 
from the data separator 14 samples of the signal 
read from the disk. The controller 22 examines 
these samples as a bit-stream and determines if 
any segment of the signal match the signal pattern 
for which the controller is then looking. For exam¬ 
ple. if the controller is conducting the DC-erase 
field search it will examine the signal segments for 
a segment without transitions. 

The system controller 22 can vary the number 
of bit-matches required to detect a synchronization 
character and/or the number of symbol-matches 
required to signify a vaiid address, thus allowing for 
more or less severe checking. For example, during 
the factory checking of a drive the controller 22 
may require perfect matching, while much less 
than perfect matching may be required during sys¬ 
tem error recovery procedures. 

With reference to.Figure 3B, the DC-erase field 
search is begun by loading all ONES into a cor¬ 
relator. or shift register, 23 in the controller 22 
(Figure 4). Thereafter signal samples from the data 
separator 14 are shifted into the correlator 23 and 
the ONES are correspondingly shifted out. Each 
time a sample is shifted into the correlator 23 the 


contents are examined to determine if the signal 
segment represented by the samples contains few¬ 
er than some predetermined number of ONES, 
indicating, with some allowance for error, a tran- 
5 sitioniess signal segment (step 144). For example, 
if a forty-bit signal segment is examined, a DC- 
erase field may be indicated if four or fewer ONES 
are contained in the correlator 23. 

After detecting a DC-erase field, the controller 
ro 22 starts the preamble search (step 108 Figure 
3A). Wth reference to Rgure 3C, the controller 
starts the timer 22A, and initializes the correlator 23 
to all ZEROS (step 148). Signal samples are then 
shifted into the correlator from the data separator 
75 14 and the contents of the correlator are repeatedly 

compared with the preamble pattern, that is. with a 
"pattern" of a minimum number of ONES in a 
predetermined number of bits, where ONES repre¬ 
sent transitions, although not necessarily in bit 
20 alignment (step 150). The preferred embodiment 
. looks for four ONES in a twelve-bit signal segment. 
If a signal segment has a sufficient number of 
ONES, allowing for some error, the preamble is 
presumed to have been detected (step 150-152). If, 
25 however, the timer 22A reaches time Ti before a 
preamble is detected, the synchronization process 
is re-started with the DC-erase field search (step 
170). 

While the controller searches for the preamble 
30 pattern it also checks the signal segment to deter¬ 
mine if it contains.another DC-erase field by track¬ 
ing the number of ONES in the segment (step 
150). Another DC-erase field is deemed to have 
been detected if the segment contains fewer than a 
35 predetermined number of ONES, where the pre¬ 
determined number may or may not be the same 
as that used in the DC-erase field search (step 
166). In the preferred embodiment a stricter test is 
used. For example, if fewer than four ONES are 
40 found in any twelve-sample signal segment a DC- 
erase field is presumed detected and the synchro¬ 
nization process is re started. 

Once the preamble is detected (step 152), ac¬ 
quire modes of the AGC 20 and the PLL 16 are 
45 enabled. This allows the AGC 20 to determine the 
appropriate read channel gain for the header sec¬ 
tion, by feeding back the signal magnitude to set 
the gain to a constant value, and the PLL 16 to lock 
to the header bit-frequency and phase. The time to 
so the end of the preamble is sufficient for the AGC 
20 and PLL 16, respectively, to lock the appro¬ 
priate gain and phase (step 154). Thereafter the 
gain of AGC 20 is held for the remainder of the 
header and the PLL 16 tracks the frequency and 
55 phase of the header data-bits until the end of the 
address field 36. At this point the AGC gain may 
be stored for future use by the microprocessor 24. 
At the end of the field. PLL 16 is locked to the 
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phase of the reference clock 18 (Figure 1) because 
the servo field 38, which follows, does not contain 
information recorded with the same frequency and 
phase as the data-bits; Timing diagrams for the 
AGC 20 and the PLL16 are shown in Figure 2. 

The operation of- the AGC 20 is described in 
more detail in a co-pending application entitled 
Automatic Gain Control System, filed September 4, 
1987 and identified .by Cesari and McKenna file 
number 83-476. That application, which has a com¬ 
mon assignee with this application is incorporated 
herein by reference. The operation of the PLL 16 is 
described in more detail in co-pending application 
entitled Data Decoding Circuit including Phase- 
Locked Loop Timing, filed October 30, 1987 and 
identified by Cesari and McKenna file number 83- 
461. These applications, which also have a com¬ 
mon assignee with this application, are also incor¬ 
porated herein by reference. 

At the time indicating the end of the preamble, 
the synchronization cnaracter search is started 
(step 116, Figure 3A). With reference to Figure 3D, 
this search is begun by initializing the correlator 23 
(Figure 4) with the synchronization character and 
shifting signal samples from the data separator 14 
into the correlator 23 (step 172). The signal seg¬ 
ments are then examined for a match with the 
synchronization character pattern. If the pattern is 
found before time Ti (Figure 2), a synchronization 
character is deemed detected (steps 174, 176). At 
the end of the synchronization character the timer 
22A is re-started to time to the remaining header 
fields and to the header section of the next sector 
(step 178). The timing diagram for the timer is 
shown in Figure 2. If, however, the synchronization 
character is not detected before time Ti, the syn¬ 
chronization process is re-started with a DC-erase 
field search (step 175). 

If the approximate AGC 20 gain setting for the 
data track to which the head is being synchronized 
is not known at the start of the synchronization 
process, a gain value is first determined which 
allows the gain to be pre-set and the DC-erase field 
to be detected and the same steps are followed 
thereafter to complete synchronization (step 100, 
Figure 3A). 

With reference to Figure 3E, the gain of the 
AGC 20 is first set to a maximum value (step 182). 
The timer 22A (Figure 1) is then started and a 
search is made for the DC-erase field (step 184). 
The searoh uses the same steps as the DC-erase 
field search described above. If a start of sector 
DC-erase field is not found before time T A , the gain 
of the AGC 20 is pre-set to another value, the timer 
22A is re-started and a search for the DC-erase 
field is again started (steps 194-198). 

it is unlikely that the DC-erase field will be 
found when the gain of the AGC 20 is set at the 


maximum value because noise signals associated 
( with the field will be amplified to look like data 
' transitions and thus a transitionless signal will not 
- be found. This searching and gain adjusting pro- 
s cess continues until either the DC-erase field is 
found or system recovery procedures are imple¬ 
mented, for example, if after a predetermined num¬ 
ber of tries no DC-erase fields can be found on the 
track (steps 198-204). 

to At the end of a successful synchronization pro¬ 

cess the gain of AGC 20 is stored in an appropriate 
memory (not shown) so that it may be used the 
next time the head is switched to that track. Pre¬ 
setting the gain of the AGC 20 allows the system to 
rs simultaneously enable the acquire modes of the 
AGC 20 and the PLL 16 without having the PLL 16 
try to lock to the phase of amplified noise signals, 
for example, if the gain of the AGC 20 was too 
high. By presetting the AGC gain to the appropriate 
20 value, the normal AGC action does not have to 
correct very far, and it can thus acquire the appro¬ 
priate gain within a relatively short time. This allows 
the PLL 16 to operate on almost all of the pre¬ 
amble 32 to acquire phase-lock and the preamble 
25 can therefore be relatively short in length. 

During the DC-erase field search and portions 
of the preamble search the system has no knowl¬ 
edge of the bit frequency of the sector header 
information. Thus the data separator 14 and the 
so PLL 16 may have to sample the signal read from 
the disk even if the frequency and phase to which 
the PLL 16 is locked is not the data-bit frequency 
and phase. With reference to Figure 5, the data 
separator 14 includes a comparator 300 and flip- 
35 flops 302 and 304. The flip-flops 302,304 are cloc¬ 
ked by the PLL 16 which is locked to the reference 
dock 18 (Figure 1). The signal read from the disk 
is input to the comparator 300. The comparator 
output is asserted when the signal peak is within a 
40 predetermined range, indicating a flux reversal on 
the disk, which is interpreted as a ONE. The as¬ 
serted output of the comparator is then input to 
flip-flop 302 and appears at its output. 

The output of flip-flop 302 is input to flip-flop 
45 304 when it is clocked by the PLL 16. Flip-flop 302 

is then cleared. When flip-flop 304 is next clocked, 
the contents, of the flip-flop are stored in the cor¬ 
relator 23 as a ONE (Figure 4). If the signal peaks 
do not come within the predetermined amplitude 
50 range, the output of flip-flop 302 remains de-as- 
serted and ZEROS are input to the correlator 23. 

The foregoing description has been limited to a 
specific embodiment of' this invention. It will be 
apparent, however, that variations and modifica- 
55 tions may be made to the invention, with the attain¬ 
ment of some or ail of the advantages of the 
invention. Therefore, it is the object of the appen- 
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ded claims to cover all such variations and modi¬ 
fications as come within the true spirit and scope of 
the invention. 

Claims 

1. A magnetic disk for recording signals repre¬ 
senting binary data for storage and retrieval of 
information in conjunction with a read write head, 
said disk comprising: 

A. a plurality of concentric tracks, each of 
said tracks comprising a plurality of sectors, 

B. each of said sectors comprising a header 
section and a data section, said header section 
having a leading end and a trailing end, said data 
section having a leading end and a trailing end, 
said trailing end of said header section being adja¬ 
cent to said leading end of said data section, 

C. said header section having a plurality of 
magnetically recorded fields including: 

1) a OC-erase field disposed adjacent to said lead¬ 
ing end of said header section and comprising a 
transitionless signal segment, 

2) a preamble field having recorded therein a se¬ 
ries of signals suitable for synchronization of a 
clock to bits recorded in said header section, 

3) a synchronization field containing a synchroniza¬ 
tion character for synchronizing reading operations 
with group and byte boundaries, and 

4) an address field containing the address of said 
sector. 

2. The magnetic disk defined in Claim 1 in 
which each of said sectors includes in its header 
section a servo field following said address field, 
said servo field containing a recorded signal for 
use in a servo system that maintains the position of 
said read write head over said track. 

3. The magnetic disk defined in Claim 1 in 
which the DC-erase fields and information recorded 
in said preamble fields and said synchronization 
fields of the respective tracks in radially aligned so 
that the sensing of said DC-erase fields and said 
information is independent of the radial position of 
said read write head. 

4 . The magnetic disk defined in Claim., 1 in 
which said addresses are recorded in grey-coded 
binary form, with corresponding bit positions in the 
respective address fields being in radial alignment 

5. The magnetic disk defined in Claim 2 

A) in which said addresses are recorded in 
grey-coded binary form, with corresponding bit po¬ 
sitions in the respective address fields being in 
radial alignment; and 

B) in which the signal in each of said servo 
fields comprises first and second high frequency 
bursts positioned on opposite sides of the center 


: . t 

line of the track and spaced apart in the circum¬ 
ferential direction, the relative circumferential posi¬ 
tions of the first and second bursts being reversed 
from each track to the tracks adjacent thereto. 

5 

6. A magnetic disk system comprising: 

A) a plurality of magnetic disks, on a com¬ 
mon spindle, for recording signals representing bi¬ 
nary data, each of said disks comprising: 

ro 1) a plurality of concentric tracks, each of said 
tracks comprising a plurality of sectors, 

2) each of said sectors comprising a header sec¬ 
tion and a data section, said header section having 
a leading end and a trailing, end, said trailing end 

75 and of said header section being adjacent to the 
leading end of said data section, 

3) said header section having a plurality of mag¬ 
netically recorded fields including, in order, 

a) a DC-erase field disposed adjacent to said lead- 
20 ing end of said header section and comprising a 

transitionless signal segment 

b) a preamble field having recorded therein a se¬ 
ries of signals suitable for synchronization of a 
clock to bits recorded in said header section, 

25 c) a. synchronization field containing a synchroniza¬ 
tion* character suitable for synchronizing reading 
operations with group and byte boundaries of in¬ 
formation recorded in said header section, and d) 
an address field containing the address of said 
so sector 

B) a read write head for sensing flux transi¬ 
tions on said disk: 

C) a DC-erase detector for detecting said 
35 DC-erase field from the output of said read write 

head: 

D) means responsive to the detection of said 
DC-erase field for detecting said preamble in the 
output of said read write head: 

40 E) means responsive to the detection of said 

DC-erase field and said preamble for detecting said 
synchronization character: 

. ... F) a clock for providing timing signals cor¬ 
responding to the retrieval of bits, groups and 
45 bytes from said disk; 

G) synchronizing means 

1) responsive to said preamble for synchronizing 
said clock to the bits recorded on said disk, and 

2) responsive to said synchronization character for 
50 synchronizing said clock to group and byte bound¬ 
aries of information recorded on said disk. 

7. The system defined in Claim 6 in which said 
clock provides timing signals for timing sector 

55 fields successive to said synchronization Field and 
including means for synchronizing said timing sig¬ 
nals to the detection of said synchronization char¬ 
acter. 
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8. The magnetic disk defined in Claim 1 in 
which each of said sectors includes in its data 
section a sector map section, said sector map 
section containing information concerning which 
sectors in the track are defective. 

9. The magnetic disk defined in Claim 8 in 
which said sector map contains information con¬ 
cerning a number of sectors in the track. 

10. The magnetic disk defined in Claim 8 in 
which said tracks contain multiple copies of said 
sector map. 

11. The magnetic disk defined in Claim 9 in 
which said tracks contain multiple copies of said 
sector map. 

12. The system defined in claim 7 in which 
said clock further provides timing signals for timing 
the detection of said premble, and if said prembie 
is not detected within a predetermined time said 
preamble detecting means is responsive to the 
detection of a next DC-erase field. 

12. The system defined in Claim 12 in which 
said clock additionally provides timing signals for 
timing the detection of said synchronization char¬ 
acter, and if said synchronization character is not 
detected within a predetermined time said synchro¬ 
nization character detecting means is responsive to 
the detection of a next DC-erase field and a next 
preamble. 

14. The system defined in claim 12 wherein 
said preamble detecting means is further respon¬ 
sive to the detection of more than one DC-erase 
field within said preamble and successive sections 
of said header section. 

15. The magnetic disk system of Claim 6 
wherein said DC-erase detector detects said DC- 
erase field by detecting a number of flux transitions 
below a predetermined threshold. 

16. The magnetic disk system of Claim 15 
wherein said threshold is selected from a number 
of predetermined thresholds such that the thresh¬ 
old can be raised if no DC-erase fields are de¬ 
tected within a predetermined period of time or 
lowered if more than a predetermined number of 
DC-erase fields are detected within a predeter¬ 
mined period of time. 

17. The magnetic disk system of Claim 6 
wherein said synchronization field detection means 
detects said synchronization field by detecting a 
series of flux transitions corresponding to a syn¬ 
chronization character to within a predetermined 
threshold number of transitions. 

18. The magnetic disk system of Claim 17 
wherein said threshold is selected from a number 
of predetermined thresholds such that the thresh¬ 
old can be raised if no synchronization fields are 
detected within a predetermined period of time or 


lowered if more than a predetermined number of 
synchronization fields are detected within a pre¬ 
determined period of time. 

19. The magnetic disk system of claim 6 in 
s which said header section further includes a servo 
field following said address field, said servo field 
containing a recorded signal for use in a servo 
system that maintains the position of said read 
write head over said track. 

io 20. The magnetic disk system of claim 19 
further comprising a phase-locked loop which ac¬ 
quires the phase and frequency of the flux transi¬ 
tions during said preamble field, said phase-locked 
loop switching to the phase of a reference clock 
75 during said servo field wherein said clock is syn¬ 
chronized to the reference clock until the end of 
said header section. 


20 


25 


30 


35 


40 


45 


50 


55 


9 


SOOCID: <EP_0341852A2 J_> 










MODES SYNCH CHAR DETECTED FIG 2 SECTOR 






EP 0 341 852 A2 




TOO IS AGC gain value known- 

* 

YES 

t 

102 SET AGC Gain to known value 


© FIG.-3E 


t ^ 

104 SEARCH FOR A DC ERASE ® FIG. 36 


106 DC ERASE FOUND ? 



NU p- 


110 

PERFORM SELECTED 
DC-ERASE FIND 

PROCEDURES 

1 

112 

1 

EXIT 

NO 

115 

i. I - 

® FIG. 3B 


11 9A 

@ FIG. 3B-- 

NO 



FIG. 3B 
Y 


I 


108 SEARCH FOR PREAMBLE 

FIG. 3C 



* 

114 PREAMBLE FOUND ? 

YES 

116 SEARCH' FOR 

SYNCHRONIZATION 
CHARACTER © FIG. 3D 


118 


OR 



* 

119B IF AGC GAIN NOT 

KNOWN (STEP 100) 


120 


1 


* 

SYNCHRONIZATION 
CHARACTER FOUND ? 
FIG. 3D 

YES 

r 

f 

READ NEXT FIELD AS 
ADDRESS FIELD 


119C © FIG. 3E 


NO 




123 ® FIG. 3B 


122 VALID ADDRESS ? 

YES 

t 

124 TIME TO NEXT SECTOR 


FI G. 3A 


■ ). 

1 


MSOOC1D: <EP_0341B52A2 J_> 


127 @ F 

* 

i 

' 

131 © F 

133 © F 


SDOCID: <EP 0341BS2A2 I > 


126 


123 


ENABLE PLL AQUIRE 
ENABLE AGC AQUIRE 
FIND SYNCHRONIZATION 
CHARACTER ? 


READ NEXT SECTOR 
ADDRESS 


130 VALID ADDRESS ? 


YES 


132 ADDRESS MATCH 
-EXPECTED AOORESS ? 

YES 

f 

134 EXIT-SYNCH FOUND 


3A CONT 


* 



EP 0 341 852 A2 4 



» 




f 

136 INITIALIZE CORRELATOR 


T 

138 READ BITS 

YES 

t 

144 ARE THERE " N " OR FEWER ONES 
IN CORRELATOR ? 

YES 

T 

146 A DC-ERASE FIELD IS FOUND 


LOOKING FOR DC-ERASE FIELD 


FIG. 3B 


NO 


'JSDOCID: <EP_ 03-41852A2J_> 





' / 




\ * . 

\ * 


EP 0 341 852 A2 


SOOCIO: <EP_03*1852A2J_> 


LOOKING FOR 
PREAMBLE 


143 INITIALIZE correlator 


RE-START AT 165 
@ FIG. 3B YES 


NO 


163 


170 


149 READ BITS 


NO 


150 DOES CORRELATOR CONTAIN 
-PREAMBLE PATTERN ? 


ARE THERE 
FEWER THAN 
N ONES ? 

Ino 

IS TIME 
OVER T q ? 

YES 

I 

RE-START 
AT ® 

FIG. 3B 


YES 

» 


152 ASSUME 
PREAMBLE 
FOUND 


154 START PLL 
ACQUIRE 
START AGC 
ACQUIRE 


162 


164 


CORRELATOR CON¬ 
TINUES CHECKING 
ONES IN 12-BIT 
SEGMENTS 


ARE THERE FEWER 
THAN N ONES ? 


RESTART AT ® 
FIG. 3B 


NO 


NO I 


156 HAS TIMER TIMED — 
TO END OF 
PREAMBLE ?. 

YES 

f 

153 PLL ASSUMED 
LOCKED AND 
HOLDING 

-AGC ASSUMED AT ' 

DETERMINED GAIN 
AND HOLDING 


160 


GAI N VALUE 
STORED IN 
PROCESSOR 


FIG. 3C 


*. - i ► . •*•**' 







EP 0 341 852 A2 


172 INITIALIZE 

CORRELATOR 


173 READ BITS 


175 


176 


178 


174 CORRELATOR 
CONTINUES 
CHECKING 
ONES IN 12- BIT 
SEGMENTS 


174A ARE THERE 
r- FEWER THAN- 
N ONES ? 


NO 


RESTART AT 
® FIG. 3B 


IS TIME YES pF< 

over T* ? 

|no ^ 

HAS A MATCH FOR 
SYNCHRONIZATION 
CHARACTER BEEN 
FOUND 


RESTART AT 




NO 


PRESUME SYNCHRONIZATION 
CHARACTER FOUND 

TIMER RESTARTED 
I (T 0 ) 



LOOKING FOR 
SYNCHRONIZATION 
CHARACTER 


FIG. 3D 


MSDOCID: <EP_0341B52A2J > 





EP 0 341 852 A2 



182 SET AGC GAIN TO MAXIMUM VALUE 
START TIMER 


184 SEARCH FOR DC-ERASE FIELD 
START TIMER 


1 


186 INITIALIZE CORRELATOR 




188 READ DATA 


l 


190 ARE THERE FOUR OR MORE 
ONES IN CORRELATOR- 


l 


192 A DC-ERASE IS FOUND 



Y 


I 

f 


194 IS TIME OVER T a - 

YES 


FIG. 3A 


196 ADJUST GAIN 
OF AGC 


1 


198 SET COUNTER 
C= C + 1 




200 IS C EQUAL 


NO 


YES 


TO C MAX 7 




202 PERFORM ERROR 

RECOVERY PROCEDURES. 


I 


204 EXIT 


FIG. 3E 


3DOC1D: <EP_O341062A2 I > 










EP 0 341 852 A3 


V 





Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 




© Publication number 


0 341 852 A3 


® EUROPEAN PATENT APPLICATION 


© Application number: 89304048.5 
© Date of filing: 24.04.39 


© hit CIA G11B 5/596, G11B 27/30, 
G1 IB 20/12 





© Priority: 12.05.88 US 193090 

© Date of publication of application: 

15.11.89 Bulletin 89/46 

© Designated Contracting States: 

DE FR GB tT NL 

© Date of deferred publication of the search report 
27.12.91 Bulletin 91/52 


© Applicant: DIGITAL EQUIPMENT 
CORPORATION 
146 Main Street 
Maynard, MA 01754-14181US) 

@ Inventor Leis, Michael D. 

177, Edmands Road 

Framingham Massachusetts 01701 (US) 

Inventor Leshay, Bruce 


59, Evelina Drive 

Marlborough Massachusetts 01752(US) 
inventor Muchnik, Michael 

5, Rolling Drive 

Framingham Massachusetts 01701 (US) 
inventor: Rege, Satish 
48, Saddle Lane 

Groton Massachusetts 01450(US) 
inventor Riggle, Charles Michael 
12995, Morris Trail 

Colorado Springs Colorado 80908(US) 
Inventor Weng, Lih-Jyh 

6 , Bicentennial Drive 

Lexington Massachusetts 02173(US) 

© Representative: Goodman, Christopher et al 
Eric Potter & Clarkson SL Mary's Court St 
Mary's Gate 

Nottingham NG1 ILE(GB) 


a 


s 

i 


© High efficiency disk format and synchronization system. 


© A disk drive system provides al| required syn¬ 
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tions within each disk sector. All of these functions 
are provided within two zones, a header section and 
a data section. The header section includes a pre¬ 
amble, a synchronization character and an address 
field, as well as servo information for track following. 
The data section of each sector includes a data 
preamble, a data synchronization character, a bad 
sector bit map, the data and data redundancy in¬ 
formation. The header section of at least one sector 
in a track includes a short DC-erase field, a tran¬ 
sitionless segment which is used in synchronization. 


To synchronize a read/write head to the disk, the 
system first detects the DC-erase field. The system 
next searches for the header preamble and synchro¬ 
nization character. If it finds them within predeter¬ 
mined times, it then looks for a valid sector address 
to complete the synchronization. If the system does 
not detect the preamble and synchronization char¬ 
acter within the predetermined times, it looks for 
another DC-erase field and continues the synchro¬ 
nization process. After the preamble and synchro¬ 
nization character are found, the desired sector is 
located by reading the addresses of the succeeding 
sectors. 
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